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Prevalence of mitochondrial DNA mutations in
childhood/congenital onset non-syndromal
sensorineural hearing impairment
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Abstract

Genetic factors are the major causes of
childhood hearing impairment. Whereas
autosomal recessive mutations account
for the majority of prelingual non-
syndromic sensorineural hearing impair-
ment (NSSHI), the relative contribution
of mitochondrial DNA (mtDNA) muta-
tions to childhood onset NSSHI has not
been established.

We screened 202 subjects with congenital/
childhood onset NSSHI, consisting of 110
sporadic cases, 75 sib pairs, and 17
families with affected subjects in more
than one generation, in order to deter-
mine the prevalence of mtDNA mutations
associated with NSSHI.

mtDNA mutations were found in three of
10 families (30%) in whom the affected
members were related through the mater-
nal lineage. One sporadic case (0.9%) was
also found to have a known mtDNA muta-
tion but none was found in the sib pairs.
Although the prevalence of mtDNA muta-
tions was low in the group as a whole (2%),
we suggest that screening should be
considered in cases of childhood hearing
impairment when it is progressive and
particularly in families where transmis-
sion is compatible with maternal inherit-
ance.

(f Med Genet 2001;38:229-231)
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Hereditary hearing impairment affects ap-
proximately 1 in 2000 children.' The majority
of cases are non-syndromal and sensorineural
owing to a defect in the inner ear. Non-
syndromal sensorineural hearing impairment
(NSSHI) can be caused by defects in nuclear
encoded genes or those of the mitochondrial
DNA (mtDNA)*’ and hence may be inherited
as an autosomal recessive, autosomal domi-
nant, X linked, or maternally transmitted trait.
Epidemiological studies have estimated that
prelingual hearing impairment is inherited in a
predominantly autosomal recessive manner
(80-85%)." Of the remaining cases, about
15% are thought to be inherited as an
autosomal dominant trait, with X linked and
mitochondrial inheritance constituting around
1%. However, a more precise estimate of the
relative contribution of mtDNA mutations to
congenital/childhood onset hearing loss is not
available. Since these early estimates often did
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not consider non-Mendelian inheritance, these
figures may be an underestimate. We therefore
screened a random sample of congenital/
childhood onset NSSHI subjects for known
mtDNA mutations (A1555G, A3243G,
A7445G, T7510C, T7511C, T7512C, and
7472insC)** in an attempt to provide a more
accurate estimate of the contribution of these
mutations to such hearing impairment.

Subjects and methods

A total of 202 subjects with NSSHI were ana-
lysed. They all had sensorineural hearing
impairment which was of congenital/early
childhood onset. One subject had a history of
aminoglycoside antibiotic exposure.

There was no family history of hearing
impairment in 110 of the subjects (that is, spo-
radic) and 75 had one or more affected sibs but
no other family history of hearing impairment.
The remaining 17 subjects all had a family his-
tory of hearing impairment in subjects from at
least two generations, with 10 families showing
a pattern of transmission only through the
maternal lineage.

Following informed consent, DNA from
whole blood was screened for mtDNA muta-
tions using restriction fragment polymorphism
analysis (RFLP) for each of the following
mutations associated with non-syndromal
hearing impairment: A1555G, A3243G,
A7445G, 7472insC, T7510C, T7511C, and
T7512C.

To detect the A1555G and A3243G muta-
tions, mtDNA between base pairs 1011 and
3376 was amplified by PCR and digested with
BsmAlI (A1555QG) or Bspl1201 (A3243G). The
PCR fragment normally contains one of each
site with the A1555G mutation abolishing the
BsmAl site and A3243G creating another
Bsp120I site.

Mutations A7445G, T7510C, and T7511C
were detected by amplification of base pairs
7392 to 7608 and digestion with the appropri-
ate restriction enzyme. A7445G abolishes an
Xbal site while T7510C and T7511C create
Hinfl and Mboll sites, respectively. The normal
PCR fragment contained one of each site to
check for complete digestion.

Since the 7472insC does not create or abol-
ish a restriction enzyme site, nucleotides 7446
to 7541 were amplified by PCR using a forward
primer with a mismatch to create an Xcml site
when the 7472insC mutation is present. Simi-
larly, a mismatch primer was used to create a
Ddel site when the T7512C mutation was
present.
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Table I  mtDNA mutations detected in cases of congenital/childhood onset NSSHI

Familial
>] generation Sporadic
Gene Muzation Sibs (n=75) affected* (n=17) (n=110)
12SrRNA A1555G 0/75 0/17 0/110
RNAS VN A7445G 0/75 1/17 0/110
7472insC 0/75 0/17 1/110
T7510C 0/75 1/17 0/110
T7511C 0/75 0/17 0/110
T7512C 0/75 0/17 0/110
tRNAM VYR A3243G 0/75 1/17 0/110
Total 0/75 (0%) 3/17 (17.6%) 1/110 (0.9%) 4/202 (2%)

*In 10 families, hearing impairment was transmitted only through the maternal lineage.

All restriction digests were carried out
following the manufacturer’s instructions
(New England Biolabs and Fermentas) and
separated on 2% agarose gels, stained with
ethidium bromide or silver staining on a 12%
polyacrylamide gel. The level of heteroplasmy
was estimated by densitometry scanning of the
agarose gels. The presence of each mutation
was confirmed by fluorescent sequencing on an
ABI sequencer 377.

Results
The findings from this study are summarised in
table 1.

Three subjects with a family history of hear-
ing impairment were found to carry mtDNA
mutations, A7445G, T7510C, and A3243G.
In all cases the hearing impairment was inher-
ited only through the maternal lineage, that is,
30% of such families. Typical of mitochondrial
hearing impairment, the age of onset and
severity of hearing impairment varied widely
within each family, though it was always
sensorineural and progressive.

The A3243G mutation was heteroplasmic,
present at a level of approximately 10% in the
blood of the proband, who had moderate, pro-
gressive hearing loss first noticed at about the
age of 5. His mother and aunt were similarly
affected from early teens as were several other
family members. No other clinical features
were apparent in any family members.

The proband with the T7510C mutation
had a profound hearing impairment from 15
months of age. His sister had a severe, progres-
sive hearing impairment from the age of 5
years, whereas their mother had only a slight
hearing loss. In all three subjects, the mutation
was heteroplasmic and present at similar levels
(about 95%).

The family with the A7445G mutation rein-
forced an important principle in identifying
maternally inherited hearing impairment (fig
1). Initially, the inheritance pattern was
thought to be autosomal dominant because of
an instance of male to male transmission.
However, confirmation of the cause of hearing
impairment by review of the medical notes of
the affected family members showed that the
child’s hearing impairment was the result of
glue ear. The pattern of inherited hearing
impairment over three generations in the other
affected family members was consistent with
maternal inheritance. The A7445G mutation
was homoplasmic in all family members
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Figure 1~ Family with the A7445G mutation. Solid

symbols represent subjects with NSSHI, striped symbol
represents NSSHI resulting from otitis media.

studied, causing a moderate to severe, progres-
sive, asymmetrical hearing loss with an onset in
early childhood. There was no evidence of
other features such as palmoplantar kerato-
derma, which has been reported in other fami-
lies with the A7445G mutation.”’ Further
details of the families with the A7445G and
T7510C mutations are described elsewhere.’ ¢

In the sporadic cases, one subject (0.9%) was
found to have the 7472insC mutation. The
mutation was heteroplasmic at a level of
approximately 90%. Progressive hearing im-
pairment in this child was first noticed in early
childhood, but no neurological signs were
present as have been reported in some subjects
with this mutation.”* Although other family
members also had the 7472insC mutation,
their hearing was normal.

None of the known mtDNA mutations asso-
ciated with NSSHI were found in the 75 sib
pairs. Nor was the A1555G mutation found,
although only one subject was known to have
received aminoglycoside antibiotics.

Discussion
Previous estimates of the contribution of
mtDNA mutations to congenital/childhood
hearing impairment have largely been based on
the mode of transmission of the hearing
impairment over several generations. Maternal
inheritance of hearing impairment can some-
times be difficult to identify, especially in small
families, where there is reduced penetrance, or,
as we found in one family described here, by
the presence of a phenocopy. Since many early
surveys often did not consider non-Mendelian
inheritance, estimates of the contribution of
mtDNA mutations to childhood hearing im-
pairment may have been underestimated, as
our figure of 2% suggests. Of the mutations
found in this study, A1555G, A7445G, and
7472insC have previously been shown to cause
hearing loss before the age of 4 in some
subjects, although the age of onset often varies
widely, even within a family as we found
here.* ™"

Two previous studies from Finland and
Japan on subjects with hearing impairment of
all ages found mtDNA mutations in 6.8% and
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5.7 % of NSSHI, respectively,” '* although the
former group were selected for those with mat-
rilinear hearing impairment. Given that
mtDNA mutations are more commonly associ-
ated with later onset hearing impairment and
differences in patient selection, our finding of
2% in childhood cases is consistent with these
studies. Furthermore, there are likely to be
population differences, neither of the previous
surveys finding the A7445G or 7472insC
mutations in the Japanese or Finnish popula-
tions.

One slightly unexpected finding in our
survey was the absence of the A1555G
mutation. The A1555G mutation appears to be
one of the most common genetic causes of
hearing loss in China and Japan®'? and has
been reported in a number of families from
Spain and Finland.” ° However, the absence of
the mutation in our subjects is perhaps not
surprising given that, except in the presence of
aminoglycosides, the mutation usually gives
rise to hearing impairment with an onset later
in life. The A1555G mutation may be present
in the population, but since few children in the
UK receive aminoglycosides their hearing is
unlikely to be affected at this early age. A larger
number of families with adult onset maternally
inherited hearing impairment need to be stud-
ied to determine the frequency of the A1555G
mutation in the UK population.

Within our sample, mtDNA mutations were
most common (17.6%) in those with a family
history of hearing impairment in more than
one generation, the prevalence rising to 30%
where affected subjects were related only
through the maternal lineage. Our study also
indicated the need for formal documentation
of the cause of hearing impairment provided by
the family history before making any assump-
tions about the mode of inheritance and
screening for DNA mutations. The identifica-
tion of an mtDNA mutation is vital for subse-
quent genetic counselling.

Further studies in other populations are
required to determine the prevalence of
mtDNA mutations in congenital/childhood
NSSHI. Population differences are likely to
exist although the A1555G, A3243G, and
A7445G mutations have all been found on dif-
ferent ethnic backgrounds. The 7472insC
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mutation has also occurred multiple times in
the white population” indicating that routine
screening for each of the mutations is worth-
while in congenital/childhood NSSHI, particu-
larly where it is progressive and in any family
where it might be maternally inherited. Other,
as yet unidentified mtDNA mutations might
also exist, accounting for further cases of
NSSHI.
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